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trochemical element. The electrochemical element in- 
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electrolyte and possessing a hydrogen ion conductivity, 



a first electrode 6 formed on one side of the solid elec- 
trolyte membrane 5 and functioning as a catalyst and 
possessing a hydrophilic property, and a second elec- 
trode 7 formed on the other side of the solid electrolyte . 
membrane 5 and functioning as a catalyst and possess- 
ing a water-repellent property. 
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Description 

Background of the Invention 
5 1 . Field of the Invention 

[0001] The present invention relates to an electrochemical element for carrying out energy conversion between a 
chemical energy and an electric energy using a solid electrolyte. 

10 2. Description of Related Art 

[00021 Fig 9 is a block diagram of an electrochemical element disclosed in , for example, the Japanese Patent Pub- 
lication (unexamined) No.63343/1994 as an energy conversion element using a solid electrolyte. Referring to Fig. 9 
a first electrode 2 is formed on one side of a solid electrolyte membrane 1 possessing hydrogen .on conductivity, and 

rs a second electrode 3 is formed on the other side of the solid electrolyte membrane 1 . Further, the solid elec rolyte 
membrane 1 is , for example, Nation-117 (trademark) produced by Du Pont de Nemours and Co. The first electrode 2 
is a mixed layer of a platinum-plated stain less fiber having a power-feeding performance, an expand metal of titanium^ 
a platinum black functioning as a catalyst, and solid electrolyte components. Further, the second electrode 3 is a mixed 
layer of a platinum-plated stainless fiber having a power-feeding performance, a platinum black functioning as a catalys 

20 and solid electrolyte components. Numeral 4 designates a direct current power supply. A plus side of the direct current 
power supply 4 is connected to the first electrode 2, and a minus side thereof is connected to the second electrode 3. 
[00031 in the above-mentioned construction, when establishing the first electrode 2 as a h.gh water act.v.ty side 
space (I) on the side of a high humidity, and the second electrode 3 as a low water activity side space (II) on the side 
of a low humidity, a reaction expressed by the following formula (1 ) takes place on the side of the first electrode 2, and 

25 a reaction expressed by a formula (2) takes place on the side of the second electrode 3: 

H 2 0->2H + + (1/2)O a + 2e" ( 1 ) 



30 2H + + (1/2)0 2 + 2e" H a O ( 2 ) 

[00041 That is, decomposition of water takes place at the first electrode 2, while generation of water takes place at 
the second electrode 3. Accordingly, water moves from the high water activity side space (I) on the s.de of h.gh humid.ty 

35 to the low waver activity space (II) on the side of low humidity. 

[0005] Evenwhenthereactionsexpressedbythementionedformulas(1)and(2)proceedtotheextenthathum,d^ 

in a space adjacent to the first electrode 2 becomes lower than that in a space adjacent to the second electrode ^3, he 
conditions can be kept. In addition, difference in humidity between the high water activity side space (I) and the low 
water activity side space (II) can be controlled by application of a voltage. Thus, the humidity control in each space (I) 

*° or (II) can be conducted. „„,i„„n„„ 
[0006] In the mentioned conventional electrochemical element, however, an output voltage in the case of collectmg 
an electronic energy utilizing the difference in water activity between the two electrodes 2 and 3 .s so low as ; tc . be 
several mV, even if humidity on one surface is set to a level of 1 00% and humidity on the other surface set to a level 
of 10% thereby establishing an activity deference by ten times between the two electrodes 2 and 3. Accordingly, a 

45 problem exists in that it is difficult to elevate the output voltage. 

Summary of the Invention 

[0007] The present invention has an object of providing an electrochemical element in which an output voltage can 
so be elevated by establishing a larger difference in water activity between the two electrodes. 

[00081 The foregoing object is achieved by providing an electrochemical element in which a first electrode function.ng 
as a catalyst and possessing a hydrophilic property is formed on one side of a solid electrolyte membrane composed 
of a solid electrolyte possessing a hydrogen ion conductivity, and a second electrode functioning as a catalyst and 
possessing a water-repellent property is formed on the other side of the solid electrolyte membrane. In the electro- 
55 chemical element of above constitution , output characteristic can be achieved, and consequently output voltage can 
b© elsv3t©d 

[0009] The foregoing and other object, features, aspects and advantages of the present invention will become more 
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apparent the following detailed description of the present invention when taken in conjunction with the accompanying 
drawings. 

Brief Description of the several views of the Drawing 

5 

[0010] 

Fig. 1 is a schematic block diagram showing a first preferred embodiment according to the present invention. 

Fig. 2 is a sectional view of a first electrode in Fig. 1 . 
w Fig. 3 is a sectional view of a second electrode in Fig. 1 . 

Fig. 4 is a graphic diagram showing an output characteristic of Fig. 1 . 

Fig. 5 is a schematic block diagram showing a second embodiment of the invention. 

Fig. 6 is a schematic block diagram showing a third embodiment of the invention. 

Fig. 7 is an explanatory diagram showing an essential part of Fig. 6. 
15 Fig. 8 is a schematic block diagram showing a fourth embodiment of this invention. 

Fig. 9 is a schematic block diagram showing an electrochemical element according to the prior art. 

Detailed Description of the Invention 
20 Embodiment 1 . 

[0011] Fig. 1 is a schematic block diagram showing a first preferred embodiment. Referring to Fig. 1. reference 
numeral 5 designates a solid electrolyte membrane, which is a solid electrolyte possessing a hydrogen ion conductivity. 
As the solid electrolyte membrane 5, for example, Nafion-11 7 (trade mark) produced by Du Pont.de Nemours and Co. 

25 is employed. Numeral 6 designates a first electrode functioning as a catalyst and possessing a hydrophilic property. 
This first electrode 6 is formed on one side of the solid electrolyte membrane 5. The first electrode 6 is formed in such 
a manner that two types of metal components different in oxidation tendency are made into an alloy, and one metal 
component having a higher oxidation tendency is oxidized to disperse oxide fine particles 6a on the surface of the first 
electrode 6. Further the first electrode 6 is press-fitted to the solid electrolyte membrane 5. In forming the first electrode 

30 6, an alloy such as a solid solution of 20 % Ti by atom in Pt functioning as a catalyst and having a power-feeding 
performance is heat-treated at a temperature of 500°C under 900 atmospheres of pure oxygen. Thus only Ti was 
precipitated on the surface and an internal part of the alloy in the form of T102 particles of anatase type or rutile type. 
At this time, a concentration gradient of Ti occurs within the alloy to boost dispersion of Ti from the internal part toward 
the surface thereof. Therefore the surface is coated with hydrophilic Ti02 particles of which area fraction is approxi- 

35 mately 70%. ; 

[001 2] Numeral 7 designates a second electrode functioning as a catalyst and possessing a water-repellent property. 
This second electrode 7 is formed on the other side of the solid electrolyte membrane 5. The second electrode 7 is 
formed in such a manner that two types of metal components different in oxidation tendency are made into an alloy, 
and one metal component having a higher oxidation tendency is oxidized to selectively remove a resultant second 

40 oxide particle 7a that is present on the surface of the alloy. Thus, as shown in Fig. 3, a fractal shaped protrusion 7b 
was formed. In forming the second electrode 7, an alloy such a solid solution of 1 5 atomic % Si dissolved in Pt functioning 
as a catalyst and performing a power-feeding was heat-treated at a temperature of 800*0 under 950 atmospheres of 
pure oxygen. Thus only Si was precipitated on the surface and the internal part of the alloy in the form of Si02 particles. 
As a result of measuring a fractal dimensionality by a method of box counting, a fractal surface having a fractal dimen- 

45 sionality of 2.25 was obtained. On this fractal surface, a predetermined number of protrusions were formed in the range 
of several nm to several hundred nm. Then, this fractal surface was subjected to a methoxy type silane coupling 
treatment, whereby the second electrode 7 possessing a super water-repellent property of which contact angle for 
drops of water was 150 degrees was formed. Numeral 8 designates a load connected between the two electrodes 6 
and 7. 

so [0013] Now operation of this embodiment is described. Referring Figs. 1 to 3, when connecting the load 8 between 
the two electrodes 6 and 7 using the first electrode 6 as the high water activity side space (I) and the second electrode 
7 as the low water activity side space (II), a reaction expressed by a formula (3) takes place on the side of the first 
electrode 6, and a reaction expressed by a formula (4) takes place on the side of the second electrode 7. 

55 

H 2 0->2H + + (1/2)0 2 +2e" (3) 
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2H + + (1/2)0 2 +2e" ->H 2 0 



(4) 



[0014] Then, an electromotive force expressed by a formula (5) is generated due to difference in water activity be- 
tween the two electrodes 6 and 7. 

, [(H 2 Q) (I) (H + ) 2 (ll) (Q 2 ) <1/2) ( M)] (5) 

E = Eo+(RT/nF) 2 303 xLog uw»*rf n wra 

ro015l In the formula (5), (H20) is a water activity (mmHg), (H*) is a hydrogen ion concentration (mol/L) and (02) 
fan oxygen pres Sur e (mmHg). A subscript (I) is a high water activity side, a subscript (II) is a low ^J**"*** 
E is an electromotive force (V), and Eo is a theoretical electromotive force with Eo = 0. Further, R is a gas consta nt T 
is an absolute temperature [K], F is a Farady constant, and n is a number of a charge transfer with n = 2 2.303 (RT/ 
nF) is 30mV (when the ratio between the high water activity side (I) and the low water ac iv.ty « de , (II) .s 1 10) 
[00161 in this case, on the assumption that an oxygen concentration in the two space (I) and (I I) and a hydroge .on 
concentration in the solid electrolyte membrane 5 are constant, an output characteristic as shown m F^4 was ,«£ ned. 
In Fig. 4, a water activity ratio between the high water activity side and the low water activity side .s a P^meter 
[001?] As described above, the electrochemical element according to the first embodiment includes: the sol d elec- 
rolyte membrane 5 made of the solid electrolyte possessing a hydrogen ion conductivity; the first etectrode 6 formed 
on one side of this solid electrolyte membrane 5 and functioning as a catalyst and possessing a hydroph.lc property 
and the second electrode 7 formed on the other side of the solid electrolyte membrane 5 and f unct.omng as a catatyst 
and possessing a water-repellent property. As a result, output characteristic can be improved as shown ,n Fig. 4 and 

[oX] V 1T« JScST S. formed by making an a„oy of two types of meta, components different in oxidation 
endency, and oxidizing one metal component of higher oxidation tendency to disperse the first ox.de fine part*. 6a 
on the surface of the alloy. Further, the second electrode 7 is formed by making an altoy of two types of metal compo- 
nents different in oxidation tendency, oxidizing one metal component of higher ox.dat.on tendency, ^ ^elec^y 
removing the resultant second oxide fine particles 7a present on the surface of the alloy thereby form.ng protrusions 
As a result, improvement in an output characteristic can be achieved as shown in Fig. 4. 

[0019] Furthermore, the surface of the first electrode is made of a conductor having porosity so as to generate cap- 
illary action, thereby improvement in hydrophilic property being achieved. t :„,., otar 
0020] Further, the surface of the second e.ectrode is formed into a fractal shape, thereby improvement m water- 
repellent property being achieved. In addition, a fractal surface is a generic term of a configuration having a non-integer 
Sme sion and shows a degree of surface roughness. The degree of the fractal surface is scaled by a fractal d,men- 
TnZ o, and the D is des'ired to be not less than 2.01 in this embodiment. If the fractal dimensional^ a ; not more 
than this value, any surface roughness exerting an effect on the contact angle for water drops *^«Z«** 
[0021] Furthermore, referring to Fig. 1 showing the first embodiment, when using the solid rieetmJteSd '100cm 
n area as a dehumidifying element under conditions of 30°C and 60% RH, a DC power supply is connect* there to 
in place of the load 8 Thus a back flow of water from the first electrode 6 s.de to the second electrode 7 side is 
suppressed, and consequently water transfer performance comes to be 1 ,6g/h resulting in cons.derable improvement 

[Oo£T P F^ the first e.ectrode 6 is formed in such a manner that an alloy of two types of 

metal such as Pt andTi is formed into a wire rod. This wire rod is then subjected to an internal oxidation, and compressed 
Tde a pressure of not less than 3 atmospheres. Thus a wire rod in which hydrophHic T102 P-™**-"*?^ 
formed and this wire rod is formed into a web shape. On the other hand, the second electrode 7 is formed as in such 
a^ner^ 

and then subjected to the methoxysilane coupling treatment thereby obtaining a water-repellent property. This woe rod 
fs then formed into a web shape eventually forming the second electrode 7. Then the sohd electrofyte membr ane 5 ,s 
interposed between the first electrode 6 and the second electrode 7, and fixed there by means of a hot press (1 90 C, 
30Kg/cm 2 ) whereby a similar advantage is expected. 

Embodiment 2. 

[0023] Fig. 5 is a schematic block diagram showing a second preferred embodiment. In Fig. 5, reference numeral 5 
designatesmesamethesolidelectrolytemembraneBas in the first embodiment. ^ r ^^ nate ^^°^ 
formed on one side of the solid electrolyte membrane 5. This first electrode 9 is composed of a react.on part 9a func- 
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tioning as a catalyst on the side adjacent to the solid electrolyte membrane 5, and a hydrophilic part 9b possessing a 
hydrophilic property on the surface of the mentioned reaction part 9a. The hydrophilic part 9b is made of a porous 
metal obtained, for example, by platinum-plating a titanium surface, and is formed so as to perform a capillary action 
by establishing a larger ratio between a depth direction and a pore diameter. Numeral 1 0 designates a second electrode 

5 formed on the other side of the solid electrolyte membrane 5. This second electrode 10 is composed of a reaction part 
1 0a functioning as a catalyst on the side adjacent to the solid electrolyte membrane 5, and a water-repellent part 1 0b 
possessing a water-repellent property on the surface of the reaction part 10a. In addition, the water-repellent part 10b 
is formed in such a manner that a mixed layer of a fluorine compound having a CF3 terminal group and containing 1 % 
to 30 % fluorine and platinum serving as a catalyst is formed into a protrusion by a plasma CVD in which a silane 

10 fluoride and platinum are employed as basic materials. The protrusion is several nm to several hundred nm in height. 
Numeral 11 designates a load connected between the two electrodes 9 and 1 0. 

[0024] Now operation of this embodiment is described. Referring to Fig. 5, when connecting the load 11 between 
the two electrodes 9 and 1 0 using the first electrode 9 as the high water activity side space (I) and the second electrode 
10 as the low water activity side space (II), the reaction expressed by the formula (3) takes place on the side of the 
15 first electrode 9, and the reaction expressed by the formula (4) takes place on the side of the second electrode 10. 
Then an electromotive force expressed by the formula (5) caused by difference in water activity between the two 
electrodes 9 and 10. In this case, assuming that oxygen concentration in the two spaces (I) and (II) and hydrogen ion 
concentration in the solid electrolyte membrane 5 are constant, an output characteristic of 500mV and 200u.A per 
0.8cm 2 was obtained. 

20 [0025] As described above, the electrochemical element according to the first embodiment includes: the solid elec- 
trolyte membrane 5 made of the solid electrolyte possessing a hydrogen ion conductivity; the first electrode 9 formed 
on one side of this solid electrolyte membrane 5 and functioning as a catalyst and possessing a hydrophilic property; 
and the second electrode 1 0 formed on the other side of the solid electrolyte membrane 5 and functioning as a catalyst 
and possessing a water-repellent property. As a result, output characteristic can be improved as shown in Fig. 4 and 

25 output voltage can be elevated. 

[0026] In the foregoing first and second embodiments, it is also preferable that a mixture consisting of 55 to 95 weight 
% polytetrafluoroethylene (PTFE) particles, 5 to 35 weight % polyvinylidene fluoride (PVDF) and 1 to 5 weight % 
perfluoroether is adhered to the second electrode 7 and 10. As a result, the water-repellent property of the second 
electrode 7, 10 can be improved. 

30 [0027] Note that, in the case of PTFE being not more than 55%, any water-repellent property is not demonstrated, 
and in the case of PTFE being not less than 95%, any adhesive force is not demonstrated. Further, in the case of PVDF 
being not more than 5%, there is no adhesive strength, and in the case of PVDF being not less than 5%, the water- 
repellent property is lowered. Moreover, in the case of perfluoroether being not more than 1 % , the water-repellent 
property is not maintained, and in the case of perfluoroether being not less than 5 % , the water-repellent property is 

35 lowered. 

Embodiments. 

[0028] Fig. 6 is a schematic block diagram showing a third preferred embodiment. Referring to Fig. 6, reference 

40 numeral 5 designates the same solid electrolyte membrane as intheforegoingfirst embodiment. Numeral 12 designates 
a first electrode formed by Pt electroless plating on one side of the solid electrolyte membrane 5 and functioning as a 
catalyst. A surface of the first electrode 1 2 is irradiated with at least one of plasma, vacuum ultraviolet light and ozone 
gas thereby providing hydrophilicity. It is preferable that the first electrode 1 2 is provided with hydrophilicity by depositing 
and adhering a substance having a hydrophilic group onto the first electrode 12. Numeral 13 designates a second 

45 electrode formed by Pt electroless plating on the other side of the solid electrolyte membrane 5 and functioning as a 
catalyst. Using either an organic compound or an organic fluorine compound as a raw material, a water-repellent 
component is deposited and adhered to the surface of the second electrode 13 by any of CVD, sputtering, vapor 
deposition and dipping. For example, by conducting a low-temperature plasma reaction using an organic silicone com- 
pound, a water-repellent silicone oxide membrane such as tetramethylsilane ortrimethylmethoxysilane can be depos- 

50 ited and adhered thereto. Also by conducting a chemical vapor deposition (CVD) using an organic silicone compound 
(tetramethylsilane, tetraethoxysilane or the like) and organic fluorine compound (fluoroalkylsilane or the like), a water- 
repellent silicone membrane possessing a water-repellent property can be deposited and adhered thereto (see Fig. 7). 
[0029]- -Further, by conducting a sputtering-method-using-polytetraoroethylene being an organic fluorine-compound 
as a target, a water-repellent polyhtetrafuloroetylene membrane can be adhered and deposited onto the second elec- 

55 trode 13. Likewise, by conducting a vapor deposition using polytetrafuloroethylene as a sputtering material, a water- 
repellent polytetrafluoroethylene membrane can be adhered and deposited onto the second electrode 13. Furthermore, 
by dispersing polyvinylidene fluoride in a solvent and conducting a dipping, a water-repellent fluorine compound mem- 
brane can be deposited and adhered onto the second electrode 1 3. Numeral 1 4 designates a load connected between 
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the two electrodes 12 and 13. 

[00301 Now operation thereof is described. Referring to Figs. 6 and 7. when connecting the load 1 4 between the two 
electrodes 12 and 13 using the first electrode 12 as the high water activity space (I) and the second electrode 13 as 
the low water activity space (II), the reaction expressed by the formula (3) takes place on the side of the first electrode 
12 and the reaction expressed by the formula (4) takes place on the side of the second electrode 13. Then an elec- 
tromotive force expressed by the formula (5) is generated due to a water activity difference between the two electrodes 

[00311 this case, assuming that an oxygen concentration in the two spaces (I) and (II) and a hydrogen ion con- 
centration in the solid electrolyte membrane 5 are constant, an output characteristic shown in Fig. 4 was obtained. A 
water activity ratio between the high water activity side and the low water activity side is a parameter. 
[00321 As described above, the solid electrolyte membrane 5 possessing a hydrogen ion conductivity and the surface 
of the first electrode 12 formed on one side of the solid electrolyte membrane and functioning as a catalyst and pos- 
sessing a hydrophilic property 5 was irradiated with at least any of plasma, vacuum ultraviolet light and ozone gas, 
whereby a super hydrophilic property of which contact angle for water drop is 0 degree was obtained. Further a de- 
composite obtained by decomposing perfluoroalkyl-silane using a plasma CVD was deposited and adhered to the 
second electrode 13 formed on the other side of the solid electrolyte membrane 5 and functioning as a catalyst and 
possessing a water-repellent property, whereby a super water-repellent property of which contact angle for water drops 

is 150 degrees was obtained. . , tu i -j i 

[0033] As described above, the electrochemical element according to the first embodiment includes: the solid elec- 
trolyte membrane 5 made of the solid electrolyte possessing a hydrogen ion conductivity; the first electrode 1 2 formed 
on one side of this solid electrolyte membrane 5 and functioning as a catalyst and possessing a hydroph.lic property; 
and the second electrode 13 formed on the other side of the solid electrolyte membrane 5 and functioning as a catalyst 
and possessing a water-repellent property. As a result, output characteristic can be improved as shown in Fig. 4 and 
output voltage can be elevated. 



Embodiment 4. 



[0034] Fig 8 is a schematic block diagram showing a fourth preferred embodiment. Referring to Fig. 8, reference 
numeral 5 is the same solid electrolyte membrane as in the foregoing first embodiment. Numeral 15 des.gnates a flat 
plate-shaped base body having insulation pert omiance, made of a porous ceramic, for example. Numeral 1 6 designates 
a first electrode made of a conductor such as metal or ceramic, formed at intervals of a predetermined distance on the 
base body 15 and functioning as a catalyst and possessing a hydrophilic property. This first electrode 16 «s formed so 
as to generate a capillary action by establishing a larger ratio between a depth direction and a pore diameterJn addition^ 
thesolidelectrolytemembraneSisformedso thattop surface of the first electrode 16 and one s.deo the so deecrolyte 
membranescome incontact. Numeral 17designatesasecondelectrodeformedontheotherside of the sohd electrolyte 
membrane 5, and this second electrode 17 functions as a catalyst and possesses a water-repellent property. The 
components indicated by 1 5 to 1 7 integrally form an electrochemical element 1 8 . Numeral 1 9 designates a first terminal 
which is connected to the first electrode at a right end in the drawing. Numeral 20 designates a second terminal, which 
is connected to the second electrode at a left end in the drawing through a later-mentioned connector 22. Numeral 21 
designates a connector, which provides a connection between the first electrode 16 of one of the adjacent electro- 
chemical elements 18 and the second electrode 17 of the other electrochemical element 18. Numeral 22 designates 
a connector which provides a connection between the second electrode 1 7 and the second terminal 20 located at the 
left end in the drawing. Numeral 23 designates an insulator such as alumina, and this insulator 23 provides msula .on 
between the solid electrolyte membrane 5 and first electrode 16, and each of the connectors 21 and 22. Numeral 24 
designates an insulator such as alumina, and this insulator 24 provides insulation between the solid electrolyte mem- 
brane 5 and second electrode 17, and the connector 21. 

[00351 In the above-mentioned construction, when connecting a load (not shown) between the two electrodes 16 
and 17 using the base body 15 on the first electrode 16 side as the high water activity side and the second electrode 

1 7 side as the low water activity side, an output voltage in proportion to the series -connected electrochemrcal element 

1 8 was obtained in accordance with a difference in water activity between the two electrodes 1 6 and 1 7. 

[00361 In the mentioned electrochemical element according to the fourth embodiment, a plurality of electrochemical 
elements 1 8 being series-connected is described as an example. However, it is preferable that either the electrochem- 
ical element is constructed of a single electrochemical element 18 to be used as a single unit, or plural p.eces of 
electrochemical elements are series-connected. In either construction, a similar advantage can be expected. 
[00371 Further, in this fourth embodiment, the electrochemical element 18 being formed on the flat plate-shaped 
base body 15 e described as an example. However, by forming thebase body 15 cylindrical, forming the electrochem- 
ical element 18 on an inner surface of the cylindrical base body 15, and passing through inside the cylinder, electnc 
power can be obtained. 
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[0038] Furthermore, by using SrCe03 as the solid electrolyte possessing a hydrogen ion conductivity, an electric 
energy can be extracted from a vapor energy at a high temperature of not less than 300°C. 

Additional Description of the Invention 

[0039] Further, in the invention, it is also preferable that the electrochemical element includes: a solid electrolyte 
membrane made of a solid electrolyte possessing a hydrogen ion conductivity; a first electrode formed on one side of 
this solid electrolyte membrane and functioning as a catalyst and possessing a hydrophilic property which electrode; 
and a second electrode formed on the other side of the solid electrolyte membrane and functioning as a catalyst and 
possessing a water-repellent property; in which the electrochemical element is disposed on a base body having insu- 
lation performance and porosity. As a result, number of the series-connected electrochemical elements can be freely 
set without restriction. 

[0040] In the invention, it is also preferable that the electrochemical element includes: a solid electrolyte membrane 
made of a solid electrolyte possessing a hydrogen ion conductivity; a first electrode formed on one side of this solid 
electrolyte membrane and functioning as a catalyst and possessing a hydrophilic; and a second electrode formed on 
the other side of the solid electrolyte membrane and functioning as a catalyst and possessing a water-repellent property; 
in which plural electrochemical elements are disposed on a base body having an insulation performance and porosity, 
and the first electrode of one of the adjacent electrochemical elements and the second electrode of the other electro- 
chemical element are connected to each other. As a result, output characteristic can be improved, and consequently 
output voltage can be elevated. 

[0041] In the invention, it is also preferable that the electrochemical element includes: a solid electrolyte membrane 
made of a solid electrolyte and possessing a hydrogen ion conductivity; a first electrode formed on one side of the 
solid electrolyte membrane and functioning as a catalyst and possessing a hydrophilic property; and a second electrode 
formed on the other side of the solid electrolyte membrane and functioning as a catalyst and possessing a water- 
repellent; in which the electrochemical element is disposed on an inner or outer surface of a cylindrical base body 
having an insulation performance and porosity. As a result, electric power can be obtained by passing a water vapor 
through inside the cylinder. 



Claims 

1. An electrochemical element comprising: a solid electrolyte membrane composed of a solid electrolyte and pos- 
sessing a hydrogen ion conductivity; a first electrode formed on one side of said solid electrolyte membrane and 
functioning as a catalyst and possessing a hydrophilic property; and a second electrode formed on the other side 
of said solid electrolyte membrane and functioning as a catalyst and possessing a water-repellent property. 

2. The electrochemical element according to claim 1, wherein surface of the first electrode 12 is irradiated with at 
least one of plasma, vacuum ultraviolet light and ozone. 

3. The electrochemical element according to claim 1 , wherein water-repellent a component is deposited and adhered 
to the surface of the second electrode. 

4. The electrochemical element according to any claim 1 to 3, wherein the surface of the first electrode is made of a 
conductor having porosity to generate capillary action. 

5. The electrochemical element according to claim 1 , wherein using either an organic compound or an organicfluorine 
compound as a raw material, a water-repellent component is deposited and adhered to the surface of the second 
electrode by any of CVD, sputtering, vapor deposition and dipping. 

6. The electrochemical element according to claim 1 or 5, wherein the surface of the second electrode is formed to 
be irregular, needle-like or fractal. 

7. An electrochemical element apparatus comprising: ... 

a solid electrolyte membrane made of a solid electrolyte possessing a hydrogen ion conductivity; a first elec- 
trode formed on one side of said solid electrolyte membrane and 

functioning as a catalyst and possessing a hydrophilic property which electrode; and a second electrode formed 
on the other side of said solid electrolyte membrane and 
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functioning as a catalyst and possessing a water-repellent property; 
wherein said electrochemical element is disposed on a base body having insulation performance and po- 



rosity. 



The electrochemical element apparatus according to claim 7;wherein a plurality of said electrochemical elements 
are disposed on a base body having an insulation performance and porosity, and said first electrode of one of the 
adjacent electrochemical elements and said second electrode of the other electrochemical element are connected 
to each other. 

The electrochemical element apparatus according to claim 7;wherein said electrochemical element is disposed 
on an inner or outer surface of a cylindrical base body having an insulation performance and porosity. 
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